Evaluation of Fetal Toxicity of HESA-A, a Natural Anticancer Agent, in Mice by Moallem SA, Ahmadi A, Moshafi MH, Taghavi MM,
  
	
	 !"#$$%#!&#$'(

 
 
 
 


 

	
	HESA-A
	
* !"#$  


	HESA-A	
 !"#$%&'()
*+,-.
"/011+"!0!"23%$2&4*,- 54%&
&$"%%1"31%&2&461*

	HESA-A7#&%897(:%:%1;,%1< :&4)9%&31 &$1=%&%#*
31%&&+#+%>4)%&%#&$!	-"%.:?>%&%.%&
#*%&
4)@AB.> +$%C%;611%1 5&%12D%;#E%<F+;
%=)#&$"%+AG"#*
	31.:H"%.(%&%#.:H4 +%% :&IB%&JK #&
!"2LM+;%9&*&JK4)NO#4)P:H7B%.:H#QRS#:H##
4)&4)C.:2:#+)2$ 0K%&#&$*J"1+4>#:&4)NO#
S#:&4T!"2(81C+AT"%;,SM+;: =)HESA-AQR
%=)#U>>!"&#1)#28.1+"$&%1;O+T+"1>!0#VLT
&$*
	SM+;W%1RS#:&%&)),HESA-A%&#:&4)9 !"#X
1*4>#:&%&4T!	0 YBMC))W%1R!"%&#:& 0KC 
2&+)2$ (*70T>H!0Z[(W%1R4&%&+("% :*
	HESA-A%1"31\))!O"

#%)*+,	-
.+/01020*0	3456,
	784+9:2;<92	!%847456/7/=>45	?

6;2;@
0$%
.70	-767A;	
,3102&%);2	6B
.:
	
*=- 
*%&'()!*+102;39;2	•,*%-./0123+moallem@mums.ac.ir 
4."/5)2+$C#DC#$'E'67894."/5)2+#'C!C#$'(4.":);0+!DC!C#$'(
<."%=0>?
	
 

 
  

HESA-A	
()  '%&
#$.%&.611]1;&  ^
,%:: %1:1=$: !" 2&$!	-
%18OT>3:1.%&!8.M"
!" 2&!%&* 0 1B &+,5 %&
HESA-A1A"7- 1C.
"/,-#
!"2&&.(&1;:	
*
  +0[+,-4  5_ %& 
!YA` % /  40%10&   0K C
1A"
"#MDA-MD-468HepIIHela-.
1A" 1C&&.(&1;:	
#abc*d%&
eKf_in vivo :%:&31$;%&mg/kgghi:
HESA-A =% H#   =) 2:%11
WR %&  2 V1%"1j+"ki> #%11  +l#
31$;VO 1f &$#2: 2$4
 *31$;4T,4 %&+) 2$#:
)+%4"%"#%&,-")HESA-
A&1O'%am*d%11"&) 5_%&no
:+"+.+0>.
"%9&%OChoroidal.%&!f
mg/kg/dayhi:HESA-A)+$%CC&1	8 
2$ 0K%&.%O&%&Of)%& YBM
&$3%$#ap*d 5%&K(pilot)\
 1C-HESA-A,MOB&,H#%&
 .%O %&1q+:AT"?(MS)&$ 2#(
a&2&2(r9#*d HESA-A /,- .0
T&%&:#!"2&&.(&1;:abc*d,-
	!YfHESA-A:<B	!O" AR
!"2&$3%$31$;%&+"1as*d
7",5&& .( ")2&B O",-  ^
HESA-A&K%&:Sg/kgki#X%1"31%&
  &1LD50 %1"31 g/kgkt,% %& 
g/kgku&$3%$ *,5 >v"4
.1;O1611>AOT =+") +$
!" 2!O"  HESA-A,%  %1"31 %&
!"7%0ab*d"%H8:2&%HESA-A
O!0: 2&l+" .(A&  #&)#
1%% &%%&),ll)+) !4
H8Y:2&%:!"-aw*d
HESA-A !"2&&.(2&4hix
yohxy.1) ^+z1 :hx
*
1A[y70A,):
7),l0,l1"7"7"+>*4)NO#
V1)1YA!	^7"+>V4#%
4%&S!YA` 70+"V&11
a{d*+061O+B AG(+&1  1
&%&&1*
Z[(|M !":%0.
"/#%&
,-.61.(&1;:)#&%O",-
%&4)1A"::))#>!R"l.1"
%&%1;S& 2&1.&1<F+;`-
1A" %  #%&"  )) #A1
" #
61,-%T#%&4&&$* 54
%1Y)    +061 0+> "%HESA-A4 
!" +$T314)%O":&*


 
%&1>HESA-Aa.8l<OB+& 0"}d, 
k  2"4" %&!R"HCl B
?q"pH<B1AfNaOHB%&o~ 
abcd*#:&+A<B1A[hikii{
puiiAV$1AV$7#&%897(:%:
%&%31    :% %1;,%1<  #3%  
6$1=abd *l01AT"  4"  :
amg/kgbm dI  l) +) .1)R     !	
&$2&l+"* 
 
 
!"!#$"%HESA-A&%' (
  
 !"#$%&'
31#&:2&%1"BALB/c&f:
gi–nh)+$%C 2&l+"&%1V$*31#:
AR1 2T(#> %& V1AR,KKf ,1B
  2  8 J %&kn T%!R"–kn!R"
)%&n±ng %&+"&$")!1
%
 %8@ *   31h 2& 31
!l  +$ Y %& $ * ":  !R"
!l$31.6 M> &1 Y : 2& #
31"%l<:%%&%.1)R M># 
(GD0) +$Y%&acbbbd*2$#%&bm
 +$Y%&%&%31*

()*+,-./$0
31 :% %& %&% #ku%&%VA 
 12:7B%S B%&7T231##
.:D%;.O[2O#OB%*4)?q"#
;1) 0:%2&D%&4)&
4).:2:2&#a mg bdCammk~id
&  v%&: P : &%C "% &%1 v%
+$ )ab{d *4) 0 : . D%; : ?> #
,  1)no)+$ %C .1+";&!R"*
E%1Af%&28!"1>?q".0
1A(Alcian Blue, Sigma, UK)&% 4% v (Alizarin 
Red-S, Sigma, UK)+$%C+""1 
:2&l+"E%1TD1ad* AB
Ll0%#7"+>1Af%&:"kx
h x ,   40A$ no!R" V= *?q"
4)#%=)# &1 Y :O+;" #  
1[+"+AT"611%11#+
D% fl<G"G1+":2&l+"&1(Zeiss)
)+$%C:%&%1abwbsbd*


12303$
2&&4@,%1<  #±;5&%+"#
3%$H:2$*&1"%%1Y) ?q"
4@LM+;VR:H2$&1q 
Instat\?%  .1:(ANOVA). 	&   
.1:Tukey-KramerV=*3:%%& =+P
910ih~i&1)+.1)R %&%&
 +$Y*

4
31.:,.:%:%&%#iku%&
A+[#:&2%O%&1O%&k!"22&&.(*
%1;1=HESA-A:`%&%7(:%:*
 .( +2$ %&   )#&#:&  +)^ #
:+O^pAV$V$1A:GD0GD18 /
!"  +%H> M+; U# . .: %&2$
:&2))!%&pAV$V$1AJK%&:%
ko  M+; %9& .:  /!" 2 *31#2$
:&2))!%&cAV$V$1A:%:c 
10f%1
 %9&"M+;.:&$*AR7`%
7#=#:%.:H#^47#&%89:%%&%&5C
!" +& &*
2%O%&b&"%&%1#+
31#2&$!l&31#%&%
%%?)&31#%&% 5&%1.:
7B%&%:70& S&)$JK"&	C#
 S:)$P:&4@4)&#%&#
31 &4) 2$  # 4@&
4)#2:%&%31#%&4).:4)C
!" 2 !	- !0) !	0 *2#(    1@O#
&12$ %& 7B% .:2))!%& ##:&
puiiAV$%& "10f H# V$1A 
&%& 4"    0Kab~Pd*: 	C JK"
 S$)S%&JK),l:&4%&am~Pd
	
 

 
  








   	  

 	
HESA mg/kg
HESA mg/kg
HESA mg/kg
HESA mg/kg
HESA mg/kg
CYCLOPHOSPHAMIDE mg/kg
***
*
*
*
**
2$"&%&4*&&%1P:a:JK"
$ S)d2$%&#:&2))!%&#pii
uiiAV$%&H4 +&HV$1
 0K)4"!"%&ab~Pd*4)&
 :% %&   2 C7#=# 7B% :31#%&% 
2$%&D%;#:&2))!%&#oii
ciiAV$V$1A!%&2$ 0K%&))
4" )%1
%&!" +H#ab~P d*
4) &#)H#  2: %&  0K %&
 4" !"  +&ab~Pd*4) .:#%&
2$!%& #:& 2)) #pcAV$
 0K%&V$1A)H#4"%&.(
&&2!"ab~ P d*4)C#2$%&!%&#
:&2))#puiiAV$V$1A 0K%&
 4"  %1
) %& H#&!"  +
am~P*d
2%O%&n4)&"%#%&2&
%; ,SM+; 2$ 2#( +AT"1*
7#)944) %& 2 2#( %; ,SM+;#
,l+#:& 2))!%&HESA-A!" 2 
 @(  ^;H,SM+; :%&#:&S
HESA-A*
 2%O T %&k 1FA4)   1
%&! 2))HESA-A :& oiiAV$V$1A 
Z[(.%&>#1 *1FB
 2)) !%& 4)   1HESA-A :& uii
AV$ V$1A 1 %9&   #!"& 
!" *1F %& CU>28 .1+"$&%1;#4) %&
2))!%&HESA-A:&uiiAV$V$1A
 2#(&1 *1FD2))!%&4) 1
HESA-A :& oiiAV$ V$1A   
!"Z[(.%&l"%#*1FEU>$&%1;
V 2)) !%& 4) %& #HESA-A :& oii
AV$ 2& V$1A &1* 1F %&F4)
2))!%&HESA-A:&uiiAV$V$1A
.&$#1%9&*










	F1
,&56	')*""+,%-
.!!/$01-&HESA-A))*23&)-4
,35"-%6"7%4-8519&-."250:" 
*;<=><P** ;<?><P***;<<?><P
1
G
+
-
H


.
I 
!"!#$"%HESA-A&%' (
 
 
4) %& 2 2#( +AT" ,SM+;#
!%&A+[#:&2))HESA-A2%O%&w
1[+" AO:lA+[,SM+; !" 2 2&%
.1[+".(#1A+[#2&#2#(*
,SM+;4, +0 &1:&*2%OT%&
n 2#(+AT",SM+;&1 * 1FA 1
2)) !%& 4) :&uiiAV$V$1A 
L` #!"2(T(!"&*1F
B 2)) !%& 4)   1HESA-A :& uii
AV$V$1AL` T(>#
!"2(*1FC2))!%&4) 1HESA-A
:&oiiAV$2: #2&1; 
!" Z[( . %&*+ : 1 ,5 VO%&
&$2&l+"!	I#.1)R l01AT"*
7*6@6""'8(7A&"+3B3C&)
.!!/$01-&HESA-A&-,))D@EDD
DDDF",,8-
.!<=><PE<?><P<<?><P.!-@
HESA-A (mg/kg) ‘
89:6;;<;;  =;; >;; 
?@&AB9 (C7 
D3,,JKJLJMJKJJJNLK

&,D3,&,DCEJKJKJKJKJKJMJM
F'+#G,
&(g) #C#OMNCJP$C#OMJCJQ#C!OLPCJRSS!C#ONCJMSS&C#OMCJMS'C#OTCJQ&C#OJU
HI*#,D3G,
&LL$SSRSSQSSR L
,D3()*G,
&JLJJJJSSPSS' SSPJM
()*,D31-JLKJJKJJKPKUKNUJNQ
#()*G,
&JJJKSSNSSSQSSSQSSSQJT
()*+#(mg) UTOJTMM JJJOJTLNNUOJLPTSSQUOJJUPSSUNOJKTRSSSMROPQUJLJOJRLU
()*J(mm) NCKOMCJTJCJOPCJLPCKOJCJLSQCKONCJJ SQCKOMCJJ SSSTCKONCQUCKOJCJM
,GPTCPMPRCUNPKCQNRJCMKRKCRNNNCNPUTCUR
7*<:*GH3I6"!##IF"/,
.!!/$01&HESA-A)-*23&
HESA-A (mg/kg) #,
 *9:B::<;;=;;>;;
?@&A
(6K mg/kg) 
7(C 
(B: ml/kg) 
V7*W2X6WY8Z[/Y
\120
:3MRMRMRTTTP&E##D
V7*W2X6][/Y3LJLMJM#'J
/0^ =7%%%%U$%
7 _/-
7	%%%%U%%
` 70B*7:+%%%%P%%
a#%#$Qb#
_c027%#%%P$%
A+7
/0.%%%#T!%
/0
+13d %#%%J$%
	
 

 
 	 
4.#J;8301%-6"!#3:%&F"/,
.!!/$01&HESA-A*23&)-
HESA-A (mg/kg) #,
 A9:B::<;;=;;>;;
?@&A
(6Kmg/kg) 
7(C
(B: ml/kg) 
V7*W2X6/08Z[/Y
\120
:3(bMUTNTTTL&#ee
V7*W2X6][/Y3JL! UJLJUJ
f/0G310%#% RN#$%
gWh*WY#%% MR%%
f/062*:3%!J Tb##%
26%## LJJ##%
22i13%#% QNU%

	2f/03%%% %#(%
2` 0*	Gj7%%# #%%%
^ 06%%% TP%&


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1LMB	#I*GH3I!#"6&1
.!!$0HESA-A )-mg/kgK<<LA;,D;72%."E;M".NIO
mg/kgP<<LB;$%,C;M"
3%NIF;N,O 
!"!#$"%HESA-A&%' (
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1LMN	3%*GH3I!#"6&1
.!!$0HESA-
A )-mg/kgK<< LC;
.
.Q)&Omg/kgP<<LA;.	
,"RSTU&$%B;,.	"RSTU&O
 
O2
.O# 2#(   %1
.: , . &1
31#:%:%&%s!" +(>	
%1
 
S:&2$%&HESA-A:%:s /,
 +(>4":,l+1@.:!"*. #
1=)9HESA-A!" 25C7#&%89:%:
),l .)NO# .:H 1@  %&2$
%& 2))^ !.(   &%& 4" 2)#&'-
 P!/ 44 ,S1

31# *
:&#:&@>J"1+4
HESA-A)9-.:H31#%%&%
.( ^O"4+2)#&1OR!31#%&%
*
2$%&7B%.:!%&#2))HESA-A
:&pAV$)H#V$1A%&!	0
2$ !AR |SO+B !" +&4"&=
!"2&14J"1OB%;&%%&M+;*
Y .61 &1 ; %  2 V= ,5
 .(!	 ,l1".1; .H#   )#&
%&M+;4) "1;H# =+%&!l
OB%;&%H#QR4)  %&701+
&1ab{b*d|SO+Bv"4HESA-A:
701+%&M+;4) "1;H#e

!"2OB%;&%H#QR4)%&*
)$ S:JK"&%&:&  +0H
P:.( QR4   #&
!" 2 4) v%&: *C H#.: 4)
4)&%&H#4) !	02&#%&
 !"A54131#HESA-A,%1< 
))!O"1:&  +0&1*
.O#2% %1
HESA-A  +0,%1< 
H%%;+AT",SM+;.:&#&*
l"%# Y %; ,SM+; z1 &%1 %&
,	 |SO+B+"1>:6%1O#?+"$
%&&11HESA-A2,SM+;4QR:
 .( A+[ ,5  ,	 )#&aY
4)   d:1C .61 ,	  AO
)ab{d *%& 2 2#( +AT" ,SM+;
4) ))!%&#HESA-AVR,%1< +( 
.1[+".1[+"|SO+B !"2&1A+[#
%& &11 4@)" ,A  70A )@ !AR  
	
 

 
  
 HESA-A *"%.( 2 V= #
% Y 4@)",A   )#&4O#  21 
 &= QR 70T%=)##4) %& 1[+" 
&1*:&%&{AV$V$1AHESA-A p
!")A %& F :& %=)##C
 YBM%1"314)%&&2O&1*4)NO#
.(+F#:&%&4 #&%&
!" +314)%O"-U#)A*
 =+ 4 .
"/#%& I &%1 %& |	K  
 2#(O&1abp{w*d.
"/,	I
2&l+")A%& :&.O#14)%
4&%1%& !"B%&4%&O",-
!" 2( 2#( - 4  *) 4
HESA-A&%&))!O"&=0+>S#:&%&*
 D+B4 +06170T&%1%&Qf
&%&2&+0$,(:*


+v" 54HESA-A+B#:&%&
)9#:&  4%&-#+%> %
#%+;"1%;_.1[+"L`%
)%1"314&%*4G#:&%&0S%
	,-314)%l+.(#&* +	
#:&   !& Y %& : S %0 1
#:& 2&l+")A %&  !"&1 *# %&
%&#LF,%1<!C&%&%.%&%&
.,)C%&&P>,%1<4)9
&&$:%22=)"7#%)%&*

 ,JL"3
) 8"%61.- $1V 7 & W$(: 	 

.WXYF1Z,!"5V3:,I)8-[&
	,@

Summary 
Evaluation of Fetal Toxicity of HESA-A, a Natural Anticancer Agent, in Mice 
Moallem SA, Ph.D.
1
, Ahmadi A, MD.
2
, Moshafi MH, Ph.D.
3
, Taghavi MM. M.Sc.
4
 
1. Assistant Professor of Pharmacodynamics & Toxicology, School of Pharmacy, Pharmaceutical Research Center, Mashhad 
University of Medical Sciences, Mashhad, Iran. 2. Researcher, Cancer Research Institute, School of Medicine, Tehran University of 
Medical Sciences, Tehran Iran. 3. Associate Professor of Microbiology, School of Pharmacy, Kerman University of Medical 
Sciences, Kerman, Iran. 4. Instructor, Department of Anatomy, School of Medicine, Rafsanjan University of Medical Sciences, 
Rafsanjan, Iran.  
 
Introduction: HESA-A is an active natural compound with herbal and marine origin. It contains inorganic, 
organic and aqueous fractions, and has shown antioxidant, cytotoxic and anticancer effects. In this study, the 
teratogenic effects of HESA-A in mice have been evaluated.  
Methods: Several doses of HESA-A were administered orally to pregnant mice on days 6 to 14 of gestation. 
Various parameters in pregnant mice and embryos during and after pregnancy were evaluated and recorded. 
At the end of pregnancy, embryos were sectioned out and studied for external morphological abnormalities 
and by specific skeletal staining for skeletal malformations.  
Results: Weight gain of pregnant mice showed that only the highest dose (800 mg/kg) caused gain 
retardation. Also, only the highest dose led to reduction of uterus weight, number of viable embryos, and 
weight and crown-lump length of embryos. Increase in fetal resorption by the highest dose of HESA-A was 
another important observation. Low and medium doses of HESA-A did not cause any significant external or 
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(
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skeletal abnormalities. However, higher doses caused embryo malformations such as short limbs, spinal 
abnormalities, dermal cysts, microphtalmia, and cleft palate.  
Conclusion: According to this study, only high doses of HESA-A, which are many times higher than the 
usual therapeutic doses, may cause embryonic toxicity. Mechanisms of these abnormalities are not clear and 
need to be determined. 
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